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7KH UHMHFWLRQ RI FKDUJHG DQG QHXWUDO PROHFXOHV ZLWK ORZ 0ROHFXODU :HLJKW DV ZHOO DV WKH
PHPEUDQH IRXOLQJDUH IXQGDPHQWDODVSHFWV WKDWVKRXOGEHFRQVLGHUHGGXULQJ WKHZDVWHZDWHU
WUHDWPHQW 7KH PDWHULDO FKRLFH XVHG LQ WKH PHPEUDQH SUHSDUDWLRQ LV RI JUHDW LPSRUWDQFH




H[SHULPHQWDO DQG PRGHOOLQJ DSSURDFKHV $OWKRXJK WKH &17 HPEHGGLQJ LQ WKH FRUUHFW
RULHQWDWLRQ FRQVWLWXWHV ODUJHVW GUDZEDFN WR WKH GHYHORSPHQW RI &17VFRPSRVLWHPHPEUDQHV
WKHDELOLW\RI&17VWRUHMHFWORZ0:VROXWHVUHPDLQVDUHOHYDQWLVVXH$FRPSXWDWLRQDOVWXG\RQ
WKHUHMHFWLRQRILQWHUHVWLQJVROXWHVE\&17VLVSUHVHQWHGKHUH$IWHUWKHRSWLPL]DWLRQRIWKH&17
GLDPHWHUV DV D IXQFWLRQ RI WKHLU UHMHFWLRQ FDSDELOLW\ WKH DQDO\VLV RI WKH ZDWHU IORZ LQ WKH
LGHQWLILHG QDQRWXEHV ZDV FDUULHG RXW 7KXV UHMHFWLRQ DQG ZDWHU IORZ ZHUH FRQQHFWHG 7KH
RULJLQDOLW\ RI WKLV VWXG\ OLHV LQ WKH VXLWDEO\ FRPELQDWLRQ RI GLIIHUHQW FRPSXWDWLRQDO PHWKRGV
4XDQWXP0HFKDQLFV400RQWH&DUOR0&DQG0ROHFXODU'\QDPLFV0':KLOVW40DOORZV
DVXEQDQRVFDOHLQYHVWLJDWLRQ0&DQG0'VLPXODWLRQVSHUPLWDQDO\VLVLQWKHQDQRVFDOH40




VPDOO PROHFXODU ZHLJKW ZHUH FRQVLGHUHG VXFK DV W\URVRO YDQLOOLF DFLG ('7$ RFW\OSKHQRO
HWKR[\ODWHDQGHWF7KHLUJHRPHWULHVZHUHRSWLPL]HGDWTXDQWXPPHFKDQLFVOHYHO LQWKHIUDPH
RI 'HQVLW\ )XQFWLRQDO 7KHRU\ $V UHJDUGV WKH ODUJH PROHFXOHV  FRQIRUPHU UHVHDUFK ZDV
SHUIRUPHG EHIRUH 40 RSWLPL]DWLRQV 7KH DELQLWLR JHRPHWULHV SHUPLW WR EH UHOHDVHG IURP
H[SHULPHQWDO SDUDPHWHUV ZLWKRXW ORVLQJ DQ\ JHQHUDOLW\
7KHFDOFXODWHGJHRPHWULHVZHUH WKHQXVHG WR HYDOXDWH WKH
HIIHFWLYH GLDPHWHU 'HII DQG FURVVVHFWLRQV RI HDFK VLQJOH
PROHFXOHLQFOXGLQJWKHYG:UDGLLRIWKHVROXWH DWRPV 7KH
'HIIFDOFXODWLRQZDVSHUIRUPHGXVLQJDQKRPH PDGH
DOJRULWKP ZKLFK DOVR HQDEOHV WR JLYH WKH PD[LPXP
DQGPLQLPXPSURMHFWLRQV RI WKH VROXWH DWRPV RQ WKH &17V
RSHQLQJ 'SURLPD[ DQG 'SURLPLQ 'SURLPD[ ZDV XVHG WR GUDZ








LQVLGH VPRRWK VLQJOHZDOO QDQRWXEHV 7KH REWDLQHG UHVXOWV UHYHDO KLJKO\RUGHUHG VWUXFWXUHV
WKHLUGHJUHHRIRUGHULQJGHSHQGLQJVWURQJO\RQWKH&17GLDPHWHU5HSUHVHQWDWLYHFRQILJXUDWLRQV
IRUPWKH0&VWXGLHVZHUHWKHQVXEMHFWHGWR0'VLPXODWLRQVLQWKHLVRWKHUPDOLVREDULFVWDWLVWLFDO
HQVHPEOHDW WHPSHUDWXUH7 .DQG3 DWPZLWK WKH/$0036FRGHXVLQJ WKH'5(,',1*
)LJXUH$UUDQJHPHQWRIW\URVROPROHFXOH
ZLWKWKHSKHQ\OSDUDOOHOWRWKHPDLQD[LVRI
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3URFHGLD(QJLQHHULQJ±
IRUFHILHOG7KHRXWFRPHKHUHZDVWKHFDOFXODWLRQ RI WKH PHDQ
UHVLGHQFH WLPHRI WKHVROXWHV LQVLGH WKH&17VDVD IXQFWLRQ RI
WKHLUGLDPHWHUDQGD[LDOOHQJWK6WULNLQJO\WKHDERYH DWRPLVWLF
VLPXODWLRQV\LHOGDPROHFXODUSDFNDJLQJUHSRUWHGLQ )LJXUH 
TXLWH VLPLODU WR ZKDW H[SHFWHG E\ XVLQJ 'SURLPD[
1HYHUWKHOHVV TXDQWXP PHFKDQLFV WUDSSLQJ HQHUJLHV
VKRXOGEH WDNHQ LQWRDFFRXQW LQ WKHDQDO\VLVRI WKH VROXWH
UHMHFWLRQ 7KHVH HQHUJLHV DUH DFFXUDWHO\ GHVFULEHG ZLWK
TXDQWXP PHFKDQLFV ZKLOH WKH PROHFXODU NLQHWLF HQHUJ\ DV
GHWHUPLQHGE\WHPSHUDWXUHDQGSUHVVXUHKDVEHHQ WDNHQ LQWR
DFFRXQWE\WKHDERYH0&DQG0'VLPXODWLRQV7KH WRWDO HQHUJ\
DVVRFLDWHG WRDVSHFLILFPROHFXODUSDFNDJLQJ LQ WKH &17 FDQ EH
JUHDWHU WKDQ VXPRI WKH LVRODWHG VROXWH HQHUJLHV LQ ZDWHU
7KHUHIRUH WKH HQHUJ\ GLIIHUHQFH \LHOGV WKH &17 FDSDELOLW\ WR
DFFHSW RU UHMHFW D PROHFXOH 7KH HQHUJ\ GLIIHUHQFHV
UHIHUUHG WR WKUHH ORZ 0: FRPSRXQGV KDYH EHHQ FDOFXODWHGE\




SXVK WKHVH PROHFXOHV LQVLGH WKH &17V 2QFH GHWHUPLQHG WKH RSWLPXP &17 GLDPHWHUV WR
DFKLHYH DQ HIILFLHQW VHSDUDWLRQ RI WDUJHWPROHFXOHV WKHZDWHU IORZ LQ WKH VHOHFWHG&17VZDV
HYDOXDWHGWRRSWLPLVHWKH0:&17VQXPEHUZKLFKPXVWEHWUDSSHGWRKDYHZDWHUIORZHTXDOWR
WKHIORZRIXQPRGLILHGPHPEUDQH,I0:&17VZLWKLQWHUQDODQGH[WHUQDOGLDPHWHUVRIQP
DQG  QP UHVSHFWLYHO\ DUH XVHG WKH UHTXLUHG 0:&17V KDYH D WRWDO DUHD JUHDWHU WKDQ
XQPRGLILHGPHPEUDQHVXUIDFH7KXV WRREWDLQ D WRWDO0:&17DUHDVPDOOHU WKDQXQPRGLILHG
PHPEUDQHVXUIDFHLWZRXOGEHQHFHVVDU\WRXVHFDUERQQDQRWXEHVZLWKLQWHUQDOGLDPHWHUODUJHU
WKDQ  QP +RZHYHU LQ WKLV FDVH WKH UHMHFWLRQ RI ORZ 0: VROXWHV LV ODFNLQJ 7KXV FDUERQ
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